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a  b  s  t  r  a  c  t
We describe  a new species  of  mastodonsauroid  temnospondyl  from  Algeria,
Stanocephalosaurus  amenasensis  nov.  sp., on  the basis  of  two  exquisite  skulls  from  a Lager-
stätte found  in the  lowermost  formation  of the  Zarzaïtine  Series,  Illizi  Basin,  in the  area  of
“La Reculée”,  In Amenas  region,  Algeria.  The  new  species  is characterized  by subtriangular
nostrils  with concave  lateral  borders;  small  orbits;  postfrontals  posteriorly  very  wide;  very
elongate parietals;  smoothly  concave  posterior  margin  of  the  skull; ovoid  anterior  palatal
vacuities;  very  posteriorly  pointed  choanae;  oval  interpterygoid  fenestrae;  and  a  short
anterior  extension  of the  cultriform  process  of  the  parasphenoid.  S. amenasensis  is  different
than  the  Algerian  taxa previously  erected  by  Lehman  (1971)–“Parotosaurus  lapparenti”
and  “Wellesaurus  bussoni”–which  we consider  nomina  dubia.  It enlarges  the  distribution
of  the  genus  in  northern  Gondwana  and  supports  the  Early-Middle  Triassic  age  of  the
lowermost  formation  of  the  Zarzaïtine  Series.  It also  suggests  that  the  local  palaeoclimate
was  very  seasonal  and  these  aquatic  amphibians  died  massively  in  a dewatering  sebkha.
©  2015  Acade´mie  des  sciences.  Published  by Elsevier  Masson  SAS.  This  is an  open  access
article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).







Une nouvelle  espèce  de temnospondyle  mastodonsauroïde  d’Algérie,  Stanocephalosaurus
amenasensis  nov.  sp.,  est décrite  sur la base  de  deux  crânes  exceptionnellement  bien
préservés  provenant  d’un Lagerstätte  découvert  dans  la  formation  basale  de  la série  de
Zarzaïtine,  bassin  d’Illizi,  région  de  «  La Reculée  », vers  In Amenas,  en  Algérie.  Cette  nou-
velle  espèce  est  caractérisée  par des  narines  subtriangulaires  à bord  latéral  concave,  de
petites  orbites,  des  postfrontaux  postérieurement  très  élargis,  des  pariétaux  très  allongés,
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un  bord  concave  de la table  crânienne,  des  fenêtres  antéropalatales  ovoïdes,  des  choanes
très  pointues  postérieurement,  des  fenêtres  interptérygoïdiennes  ovales,  ainsi  qu’une
courte  extension  antérieure  du  processus  cultriforme  du  parasphénoïde.  S. amenasensis
est  différent  des  taxons  autrefois  nommés  par  Lehman  (1971),  à savoir  « Parotosaurus  lap-
parenti  » et  « Wellesaurus  bussoni  », que  nous  considérons  comme  nomina  dubia.  Cette
nouvelle espèce  élargit  la  distribution  du  genre  au Nord  du  Gondwana  et conﬁrme  l’âge
Trias  inférieur  à  moyen  de  la  formation  basale  de  la série  de  Zarzaïtine.  Elle  suggère  égale-
ment  que le  climat  local  était  très  saisonnier  à  l’époque  et  que ces  amphibiens  aquatiques
sont  morts  dans  une  sebkha  en  cours  d’assèchement.
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. Introduction
The Saharian platform, with its almost absent vege-
ation cover, is a key region for geologists and palaeon-
ologists because many rocks from different ages are
utcropping and yield important fossils. This is particularly
he case in the Southeast of Algeria, where Triassic rocks
rom the Illizi Basin yield numerous plants, amphibians
i.e., non-amniotic tetrapods) and reptiles (Aït Ouali et al.,
011; Jalil, 1993; Nedjari et al., 2011). These fossil amphib-
ans, the ﬁrst ones from the Saharan platform, correspond
o temnospondyl remains discovered in the ﬁfties during
eological mapping and mining prospections of Algerian-
rench teams. They come from the base of the Triassic
eries of Zarzaïtine and were sampled at the bottom of
La Reculée”, a long cliff about 30 km southwest of the city
f In Amenas. The fossils comprise cranial and postcranial
ragmentary remains attributed to mastodonsauroid tem-
ospondyls by Lehman (1957) on the basis of their medium
ize and of their ornamentated dermal bones. Later,
ehman (1971) described and erected two taxa, “Paroto-
aurus lapparenti” and “Wellesaurus bussoni,” on the basis of
ery fragmentary material (see Discussion). These “histor-
cal” specimens are housed in the MNHN as the “Zarzaïtine
ollection” (with numbers starting with ‘MNHN-ZAR’).
Later, Jalil (1993) mostly revised the reptiles of MNHN
arzaïtine collection. Concerning the amphibians, he fol-
owed the taxonomic attribution of Lehman (1971) and
roposed an Early to Middle Triassic age for this assem-
lage based on international non-marine biostratigraphical
orrelations (Jalil, 1999). Interestingly, Welles (1993) and
alil (1999) also recognized another amphibian assemblage
omposed respectively of trematosaurian and brachyopoid
ragments that was considered Middle to Late Triassic in
ge (Jalil and Taquet, 1994). These were the only works
ndertaken on Algerian temnospondyls so far.
More recently, regular geological and palaeontological
eldwork was conducted in the Illizi Basin by the “Lab-
ratoire de Géodynamique des Bassins Sédimentaires et
es Orogènes” of the University of Science and Technology
ouari Boumedienne, the “Agence du Service Géologique
e l’Algérie”, the Société Nationale pour la Recherche, la
roduction, le Transport, la Transformation et la Commer-
ialisation des Hydrocarbures (SONATRACH), and within
he framework of an international collaboration pro-
ram with the “Centre de Recherches en Paléobiodiversité
t Paléoenvironnements” (CNRS, Paris). Palaeontological
rospecting, conducted in 2008 and 2009 in the area of “Lae  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Reculée”, led to the discovery (and systematic excavations)
of a new Lagerstätte preserving numerous and exception-
ally well preserved temnospondyl specimens Dahoumane,
2011; Nedjari et al., 2010). We  refer to Nedjari et al.
(2010) and Aït-Ouali et al. (2011) for the complete descrip-
tion of the site including stratigraphy, sedimentology and
taphonomy.
The new fossiliferous locality, found in the plain south
of “La Reculée” (Fig. 1, GPS coordinates available to
qualiﬁed researchers by contacting AD), is located at
the base of the “Formation 0” (sensu Aït Ouali et al.,
2011 = “Grès Inférieurs” or “Grès à Stégocéphales” or
Lower Sandstone Unit sensu Busson, 1971; Groult, 1970),
lower section of the Triassic Zarzaïtine Series. This new
Lagerstätte yielded numerous temnospondyl specimens,
which are exceptionally well preserved in three dimen-
sions: they consist of subcomplete skulls and postcranial
elements attributed to capitosauroids (sensu Yates and
Warren, 2000 = mastodonsauroids sensu Damiani, 2001), a
widespread group of temnospondyls, which is well diver-
siﬁed (and only known) in the Triassic (Schoch, 2008).
This new material is different from the taxa previously
described by Lehman (1971). We  give here a detailed
description and erect a new species, Stanocephalosaurus
amenasensis nov. sp. on the basis of two well-preserved
skulls that we  collected and prepared. The material belongs
to the Museum of the Faculty of Earth Sciences, Geography
and Regional Land Settlement, Alger, where some other
elements are still under preparation.
This discovery expands the distribution of the capi-
tosauroid temnospondyl genus Stanocephalosaurus
towards northern Gondwana and allows interesting
biostratigraphic and palaeoenvironmental interpretations.
2. Institutional Abbreviations
MNHN Muséum national d’histoire naturelle, Paris
(France)
UCMP Museum of Paleontology, University of California,
Berkeley (USA)
ZAR specimens from Zarzaïtine, Museum of the Fac-
ulty of Earth Sciences, Geography and Regional
Land Settlement, USTHB, Algiers (Algeria)
3. Systematic PalaeontologyTemnospondyli Zittel, 1887–1890
Stereospondyli Zittel, 1887–1890 (sensu Yates and
Warren, 2000)
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Fig. 1. Stanocephalosaurus amenasensis nov. sp. from the Lower/Middle Triassic of Algeria. Geographical and stratigraphical location of the type locality
(For: formation number; G1; type locality; Lith: lithology; Sca: scale). The black frame corresponds to the area of “La Reculée” where the type locality is
(GPS  coordinates are available to qualiﬁed researchers by contacting the ﬁrst author).
Fig. 1. Stanocephalosaurus amenasensis nov. sp. du Trias inférieur à moyen d’Algérie. Localisation géographique et stratigraphique de la localité-type (For
helle. Le
t le prem:  numéro de formation ; G1 ; localité-type ; Lith : lithologie ; Sca : éc
(coordonnées GPS disponibles pour les chercheurs qualiﬁés en contactan
Mastodonsauroidea Lydekker, 1885 (sensu Damiani,
2001 = “CAPITOSAUROIDS” sensu Yates and Warren, 2000)
Paracyclotosauridae Ochev, 1966
Stanocephalosaurus Brown, 1933
Remark—We  refer more or less (see below) to Schoch
and Milner (2000) and Schoch (2008) for the content of the
genus Stanocephalosaurus. As these authors did not give a
diagnosis of the genus, we propose the following diagnosis:
Diagnosis—the preorbital region is very elongated (pro-
portionally to the postorbital region) and continuously
narrowing anteriorly to give a subtriangular and slender
snout, which is more or less abbreviated depending on the
species; the parietal and postparietal are abbreviated; the
postorbital shows an anterolateral extension or “wing” that
is more or less anteriorly developed and pointed depending
on the species; the choana is elongated.
Type species—Stanocephalosaurus birdi Brown, 1933
from the Lower Moenkopi Formation of Arizona, Spathian,
Lower Triassic. cadre noir correspond à l’aire de la Reculée où se situe la localité-type
ier auteur).
Other valid species (from Schoch and Milner, 2000; and
Schoch, 2008)—S. crookshanki (Mukherjee and Sengupta,
1998) from the Denwa Formation of India (?Middle Trias-
sic); S. rajareddyi (Chowdhury, 1970) from the Yerrapalli
Formation of India (?Middle Triassic); and S. sp. (Watson,
1958) from the Hawkesbury Sandstone of Australia (Lower
Triassic).
Questionable species:
- “Stanocephalosaurus” pronus (Howie, 1970) from the
Manda Formation of Tanzania (Anisian, Middle Trias-
sic, Sidor et al., 2013) does not belong to the genus
Stanocephalosaurus because Schoch (2008) showed, in his
phylogenetical analysis of capitosaurs, that it does not
form a clade with the type species Stanocephalosaurus
birdi.
Schoch and Milner (2000) listed two  other species that
we also consider invalid:
A. Dahoumane et al. / C. R. Palev
Fig. 2. Stanocephalosaurus amenasensis nov. sp. from the Lower/Middle
Triassic of Algeria. Photos of the holotype ZAR03 in dorsal (A), palatal (B)
and occipital (C) views.
























p’Algérie. Photos de l’holotype ZAR03 en vues dorsale (A), palatale (B) et
ccipitale (C).
 Stanocephalosaurus “nov. spec.” from the Moenkopi
Formation of Arizona (Spathien/Anisian, Lower/Middle
Triassic) is mentioned without any reference. According
to Schoch (comm.  pers., 2014) the material (UCMP uncat-
alogued) is poor, neither prepared nor described.
 “Stanocephalosaurus lapparenti” (Lehman, 1971) from the
Zarzaïtine Formation is considered here a nomen dubium
(see Discussion below).
Stanocephalosaurus amenasensis,  nov. sp. (Figs. 1–4)
Etymology—the speciﬁc name comes from In Amenas,
ity of the Illizi Province (Southeast Algeria), the closest to
he type locality (Fig. 1).
Holotype—ZAR03, a nearly complete skull lacking
he anterior tip of the snout (23 cm estimated length)
Figs. 2–3), but generally less damaged than ZAR04.
Referred specimen—ZAR04, a nearly complete skull
26.5 cm length) slightly weathered on its surface (Fig. 4).
Type Locality and Horizon—“La Reculée” area (Fig. 1),
arzaïtine district, In Amenas region, southern Algeria;
ase of the “Formation 0” sensu Aït Ouali et al., 2011 (=
Grès Inférieurs” or Lower Sandstone Unit sensu Busson,
971; Groult, 1970), lower section of the Zarzaïtine Series of
he Illizi Basin, Lower-Middle Triassic according to Nedjari
t al. (2010) and Aït-Ouali et al. (2011).
Diagnosis—Stanocephalosaurus showing the following
ombination of characters: the external nostrils are sub-
riangular and their lateral borders concave; the orbits are
elatively small (orbit length = 10% of the skull length); the
ostfrontals are very wide posteriorly but narrow ante-
iorly towards the orbit; the parietals are very elongate
16,5% of the skull length); the posterior margin of the skull
able is not angular but smoothly concave; the anterior
alatal vacuities are ovoid; the choanae are very posteriorly
ointed; and the interpterygoid fenestrae are oval.ol 15 (2016) 918–926 921
4. Description
4.1. Preservation and General Outlines
The specimens ZAR03 and ZAR04 are well-preserved
skulls collected in the ﬁeld. They are almost complete and
preserved in three dimensions, i.e. without having been
affected by postmortem deformation. Both specimens are
almost identical and therefore allow describing in details
the cranial anatomy of Stanocephalosaurus amenasensis
nov. sp:
The skull is naturally ﬂat and subtriangular in gen-
eral outline, as is the case in many mastodonsauroid
temnospondyls (Damiani, 2001). The lateral margins of
the skull are straight and the preorbital width regularly
decreases anteriorly. The tip of the snout (preserved in
ZAR04) is rounded, a typical character seen within the
genus Stanocephalosaurus. The skull roof bones show a hon-
eycombed ornamentation that is typical for temnospondyls
and other stegocephalians (Buffrénil et al., 2015). This orna-
mentation consists, in the center of the dermal bones,
of deep (1–2 mm)  and polygonal alveoli, which turn into
subtriangular and straight ridges towards their periphery.
Wide (4 mm)  and deep (2 mm)  dermo-sensory canals are
also present on the dorsal side of the skull roof. They are
particularly well marked on ZAR04: the circumorbital canal
runs on the prefrontal, postorbital and jugal, whereas the
supranarial canal runs on the nasal and anterior half of the
prefrontal. These dermo-sensory canals are linked with an
aquatic lifestyle (Steyer, 2003; and see Discussion section).
The preorbital region of the skull is very ﬂat and elon-
gated (up to 16.5 cm in ZAR04), a typical stereospondyl
character (Yates and Warren, 2000). The cranial sutures are
well visible. The relatively strong degree of ossiﬁcation of
the cranial bones, as well as their well-ornamented exter-
nal surface suggest an adult individual age for both ZAR03
and ZAR04 (see Steyer, 2000 for temnospondyl ontogeny).
The skull ZAR04 is longer and with a relatively stronger
degree of ossiﬁcation than ZAR03: we therefore consider
ZAR04 ontogenetically older than ZAR03.
4.2. Skull roof
The skull roof is longer than wide. Its maximum width
(16 cm in ZAR03, 17 cm in ZAR04) is reached at the level of
the quadratojugal.
The orbits are subcircular (5 × 5 cm in ZAR03;
2.6 × 2.5 cm in ZAR04), a common shape found in
other paracyclotosaurids. However, these orbits are very
small, their length reaching only 10% of the skull length
(measured from the posterior end of the mesial suture
to the tip of the snout). As the other Stanocephalosaurus
show proportionally larger orbits, we  consider this feature
diagnostic of S. amenasensis nov. sp.
The external nares, well visible on ZAR04, are elongate
and ovoid (24 × 12 mm), as in other Stanocephalosaurus
species (they are rounded in Paracyclotosaurus). Their
mesial margin is curved whereas their lateral margin is
straight.
The nasal, frontal and prefrontal bones are very elon-
gated, with the frontal reaching the orbit. The tip of the
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Fig. 3. Stanocephalosaurus amenasensis nov. sp. from the Lower/Middle Triassic of Algeria. Interpretative drawings of the holotype ZAR03 in dorsal (A),
palatal  (B) and occipital (C) views. Abbreviations: Ch: choana; Eo: exoccipital; Ec: ectopterygoid; Fr: frontal; Ju: jugal; La: lacrimal; Mx:  maxilla; N: nasal;
P:  parietal; Pl: palatine; Pf: postfrontal; Po: postorbital; Pp: postparietal; PrF: prefrontal; Ps: parasphenoid; Pt: pterygoid; Q: quadrate; Qj: quadratojugal;
Sq:  squamosal; St: supratemporal; T: tabular; Vo: Vomer. Only the sutures visible directly on the specimen have been drawn.
Fig. 3. Stanocephalosaurus amenasensis nov. sp. du Trias inférieur à moyen d’Algérie. Dessins interprétatifs de l’holotype ZAR03 en vue dorsale (A) : palatale
r : front
frontal 
 les sutu(B)  et occipitale (C) (Ch : choane ; Eo : exoccipital ; Ec : ectoptérygoide ; F
palatin ; Pf : postfrontal ; Po : postorbitaire ; Pp : postpariétal ; PrF : pré
Sq  : squamosal ; St : supratemporal ; T : tabulaire ; Vo : Vomer). Seules
frontal is very pointed and tapers anteriorly to the posterior
part of the nasal, as in other Stanocephalosaurus species (the
fronto-nasal contact is almost straight and transverse in
Paracyclotosaurus). The prefrontal has a convex lateral bor-
der, as in S. crookshanki (Mukherjee and Sengupta, 1998).
The jugal also reaches the orbit margin, separating the pre-
frontal from the postorbital. The postorbital is relatively
wide, with an anterolateral corner entering the jugal, again
as in other Stanocephalosaurus species. The postfrontal is
relatively small, but with an unusual shape: it is very
wide posteriorly but narrow anteriorly towards the orbit.
As the bone is different in the other Stanocephalosaurus
species, we consider this peculiar shape as diagnostic of
S. amenasensis nov. sp. The parietal is longer than the
supratemporal. It is a very elongate bone, reaching 16.5%
of the skull length, a character also considered diagnostic
of S. amenasensis nov. sp. For comparison, the parietal only
reaches 11.4% of the skull length in S. crookshanki; 10% in
S. rajareddyi;  8.7% in “Stanocephalosaurus” pronus;  and 10%
in “P. lapparenti”. The supratemporal of S. amenasensis nov.al ; Ju : Jugal ; La : lacrimal ; Mx  : maxillaire ; N : nasal ; P : pariétal ; Pl :
; Ps : parasphénoïde ; Pt : ptérygoïde ; Q : carré ; Qj : quadratojugual ;
res visibles directement sur le spécimen ont été dessinées.
sp. is rhombic, not involved in the otic notch composition,
and slightly longer than the postparietal. Consequently, the
parietal is also longer than the postparietal, as it is also
the case in S. crookshanki (the parietal is shorter than the
postparietal in Paracyclotosaurus).  The pineal foramen is
rounded, its diameter represents 2.17% of the skull length.
It is located in the mid-length of the interparietal suture.
The posterior margin of the skull, composed of the post-
parietal and tabular bones, is concave but not semi-circular,
contrary to Paracyclotosaurus and other Stanocephalosaurus
species. This concave posterior margin of the skull table is
therefore considered as diagnostic.
In S. amenasensis nov. sp., the tabular is expanded lat-
erally rather than posterolaterally, i.e. with an angle lower
than 120◦ from the median axis, as is the case in S. crook-
shanki and S. rajareddyi.  This lateral extension forms a
robust tabular horn with an enlarged posterior extrem-
ity, drawing an almost closed and circular otic notch, as in
other paracyclotosaurids. The suture of the quadratojugal
with the squamosal is not clearly visible but seems laterally
A. Dahoumane et al. / C. R. Palev
Fig. 4. Stanocephalosaurus amenasensis nov. sp. from the Lower/Middle
Triassic of Algeria. Photos of the referred specimen ZAR04 in dorsal (A),

































cig. 4. Stanocephalosaurus amenasensis nov. sp. du Trias inférieur à moyen
’Algérie. Photos du spécimen de référence ZAR04 en vues dorsale (A),
alatale (B) et occipitale (C).
riented near the posterior margin of the quadratojugal,
hus suggesting a relatively narrow bone. This is another
ifference between S. amenasensis nov. sp. and the other
pecies of Stanocephalosaurus which possess a large, well
eveloped quadratojugal.
.3. Palate
The palate is subtriangular in general outline. It is highly
enestrated by large paired interpterygoid and subtempo-
al fenestrae.
The interpterygoid fenestrae are elongate and ovoid
12 cm in length in ZAR03 and 13.6 cm in ZAR04). Their
aximum width (3.5 cm in ZAR03 and 4 cm in ZAR04)
s comprised in their ﬁrst half. The lateral margin of
he interpterygoid fenestrae is much more convex than
heir mesial margin. These fenestrae are separated by
he cultriform process of the parasphenoid, a very thin
ony blade that is very narrow and straight, as in other
tanocephalosaurus species (it is more robust in Para-
yclotosaurus). However, the anterior extension of this
ultriform process is shorter in S. amenasensis nov. sp. than
n its relatives. It is also slightly more robust in ZAR04 than
n the younger ZAR03. Posteriorly, the cultriform process
urns into a thin parasphenoid plate that is elongate and
ubtriangular. The central region of the parasphenoid plate
s slightly ornamented on its ventral side.
ZAR04, which preserves the anterior tip of the palate,
learly shows two separated anterior palatal vacuities that
re almost rounded but longer than wide. Paired anterior
alatal vacuities are also known in S. crookshanki but not
n the other Stanocephalosaurus species where this palatal
egion is known.
The vomer bears two denticle rows, as is the case in
he other Stanocephalosaurus species: a transversal denti-
le row is located between the vomerian fangs, whereas aol 15 (2016) 918–926 923
longitudinal denticle row is running along the inner margin
of the choana.
The choana is narrow and elongate. The suture between
the ectopterygoid and the palatine is well visible. That
between the parasphenoid and the pterygoid is well open,
particularly on ZAR03.
In ventral view, the pterygoid has a tri-radiate shape
that is typical for temnospondyls. Its medial ramus is very
short and shares a long suture with the parasphenoid, a
character often found in stereospondyls (Yates and Warren,
2000). The quadrate ramus of the pterygoid is very slender
and twists vertically in a thin blade running posteriorly.
The palatal ramus is very robust and widens anteriorly. Its
ventral surface is well ornamented, with a honeycombed
pattern reminiscent of that visible on the dorsal surface of
the skull roof bones. Both the palatal and quadrate rami of
the pterygoid draw the inner margin of the subtemporal
fenestra. Together with its very straight external margin
given by the quadratojugal, this subtemporal fenestra has
an almost rhombic shape (5 × 4 cm in ZAR03, 4 × 6 cm in
ZAR04).
4.4. Occiput and braincase
The occiput is better preserved on ZAR03 than on ZAR04.
In both cases, it is relatively wide and naturally ﬂat.
The occipital condyles are very small (6% of the
skull posterior width) and ovoid in posterior view.
They are extended posterolaterally, as is the case in
“Stanocephalosaurus” pronus (they are extended pos-
teromesially in Paracyclotosaurus davidi Watson, 1958).
The distance between the condyles is substantial (almost
20% of the skull posterior maximum width). The horizontal
branch of the exoccipital (reaching the condyle) is nar-
row and elongate posteriorly, whereas its vertical branch
(reaching the tabular) is robust.
The foramen for the glossopharyngeal and vagus nerves
is visible on ZAR03 in occipital view: it is rounded and very
small.
The magnum foramen is T-shaped, with a naturally ﬂat-
tened dorsal region and a wide ventral region separated by
the occipital condyles (Fig. 3 C).
The posttemporal fenestra is triangular. It is relatively
well open, large and high in occipital view.
4.5. Dentition
Both marginal and inner teeth are very small (2.5 mm
in bottom section anteriorly and 0.8 mm posteriorly). The
marginal dentition is composed of small and numerous
teeth, which are compressed perpendicularly to the skull
margin, a typical stereospondyl feature (Yates and Warren,
2000). These marginal teeth, present on both the premax-
illa and maxilla, are vertically curved. At least 42 maxillary
teeth and alveoli are counted in ZAR03. Unfortunately, the
preservation of ZAR04 does not allow a precise counting
for the premaxillary teeth.The palatal teeth are straight and conical. The pala-
tine fangs are typical for the capitosaurian temnospondyls
(Schoch and Milner, 2000): here, they are the largest (7 mm
in bottom section) and highest (9.5 mm)  teeth of the whole
. R. Pale924 A. Dahoumane et al. / C
dentition and have rounded sections and alveoli. Except
for these fangs, the palatal and marginal teeth have similar
diameters. Posterior to the fangs, the palatine also bears at
least 13 teeth and alveoli that are aligned in a row with the
ectopterygoid teeth posteriorly. This ectopterygoid tooth
row, with at least 33 teeth and alveoli counted on ZAR03,
is more than twice as long as the palatine tooth row. This
palatine-ectopterygoid straight tooth row is parallel and
similar to the maxillary tooth row.
Tooth rows are also present on the vomer: both the lon-
gitudinal and transversal vomerine tooth rows bear small
and conical teeth of similar height and diameter. Yet, the
transvomerine tooth row is bordered by larger teeth.
5. Discussion
5.1. Status of the Algerian material of Lehman (1971)
and comparisons
In 1971, Lehman described and erected “Wellesaurus
bussoni” and “Parotosaurus lapparenti” from the Lower
Sandstone Member of the Triassic Zarzaïtine Series. These
taxa are based on very poorly preserved skulls coming from
the “site 5005” near Gour Laoud, a locality that is different
than the type locality of S. amenasensis: the “site 5005”
is indeed above, in the stratigraphic section (but still in
the “Formation 0”), and located 50 km east from the type
locality, near the Lybian border.
- The holotype of “W. bussoni” is a very fragmentary skull
(MNHN-ZAR30) of uncertain afﬁnity: according to Schoch
and Milner (2000, p. 161), it could be synonymous with
“P. lapparenti”,  a hypothesis not followed by Jalil (2001)
who noted two differences between these taxa. How-
ever, these differences, which concern the extension of
the tabular and the position of the mandibular condyle
on the quadrate, may  be related to ontogeny (Steyer,
2003). Our proper observations suggest that the speci-
men  MNHN-ZAR30 shows proportions similar than those
of “P. lapparenti”, and that its smaller size may  reﬂect a
possible juvenile age.
- “P. lapparenti” is based on two specimens that Lehman
(1971) named “Spécimen A” (Pl. II-III) and “Spécimen B”
(Pl. IV). These specimens (now numbered MNHN-ZAR31
and MNHN-ZAR32, respectively) should be considered
as syntypes according to the International Code of Zoo-
logical Nomenclature, as proposed by Schoch and Milner
(2000). However, these authors assigned “P. lapparenti”
to “Stanocephalosaurus as S. lapparenti”  based on the fol-
lowing diagnosis; “anterior palatal opening completely
subdivided; preorbital region much elongated and slen-
der” (Schoch and Milner, 2000, p. 146), but without
examining the type material of Lehman. Ruta et al. (2007)
followed this opinion but without testing it, because they
did not consider all the Stanocephalosaurus species in
their phylogeny. Jalil (2001) considered “P. lapparenti”
close to Mastodonsaurus but without testing this idea in
a phylogeny.
“P. lapparenti”  is therefore problematic. It has been
placed in various groups according to different authors: forvol 15 (2016) 918–926
example, Morales (1987), and Jalil and Taquet (1994) con-
sidered it as a Benthosuchidae sensu lato; Maryanska and
Shishkin (1996), and Damiani (2001) as an Heylerosauri-
dae; and Shishkin (1980), and Milner et al. (1990) as a
Mastodonsauridae sensu stricto.  Our reexamination of the
type material of Lehman did not yield additional diagnos-
tic characters. Lehman (1971, p. 83) gave a diagnosis of “P.
lapparenti” (“Parotosaurus with elongated snout and vome-
rian plate; large orbits compared to the other Parotosaurus
species; paired anterior palatal fossae”) based on doubt-
ful characters: for example, the orbits are not preserved on
the syntypes. Moreover, the only characters that are con-
sistent with the diagnosis of Schoch and Milner (2000), i.e.
paired anterior palatal fenestrae and an elongated snout,
are highly variable within Mastodonsauroids. For all these
reasons, and pending a complete redescription of the type
material of Lehman, we  consider “P. lapparenti”  as nomun
dubium.
In any case, S. amenasensis shows several clear morpho-
logical differences with “P. lapparenti”: its external nostrils
are more pointed anteriorly and their medial borders are
not concave (contra their lateral borders, Fig. 4); its quadra-
tojugals are less posteriorly extended; its choanae are not
rounded posteriorly but pointed; the ventral surface of its
parasphenoid plate is not concave but ﬂattened; its cultri-
formis process is more slender; and the quadrate branches
of its pterygoids are more laterally directed.
5.2. Biostratigraphic and palaeoenvironmental
implications
Stanocephalosaurus amenasensis described here brings
interesting implications:
- Concerning the age of the “Formation 0” of the Zarzaïtine
Series that yielded the material, it is interesting to note
that the genus Stanocephalosaurus, as deﬁned above, was
relatively widespread throughout Pangea during Trias-
sic times. More precisely, the fact that all the species of
Stanocephalosaurus are known from the Early or Middle
Triassic suggests that Formation “0” may  be also of Early
and/or Middle Triassic age. This hypothesis is congruent
with the age proposed by Jalil (1993, 1999, 2001), Jalil
and Taquet (1994), Nedjari et al. (2010), and Aït-Ouali
et al. (2011) but neither with the Middle-Late Triassic
age proposed by Lehman (1971), nor with the Middle Tri-
assic age only (Anisian-Ladinian) suggested by Bourquin
et al. (2010), who under-estimated the thickness of the
lower section (“Formation 0” sensu Nedjari et al., 2010)
of the Zarzaïtine Series (2.5 m for these authors instead
of 11 m according to our interpretation or 50 m according
to Busson and Cornée, 1989).
- Concerning the palaeoenvironment associated to
Stanocephalosaurus amenasensis, it is interesting to note
that the way  of life of the capitosaurian amphibians is
often debated: for example, Mukherjee et al. (2010),
based on histological observations and recognition of
Lines of Arrested Growth (LAGs) in the bone structure,
suggest that capitosaurians may have lived in semi-arid
environments characterized by strong seasonal rains.
This is particularly the case of paracyclotosaurids
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Fig. 5. Stanocephalosaurus amenasensis nov. sp. from the Lower/Middle Triassic of Algeria. In vivo reconstruction in the sebkha turning into a pond. Courtesy
o
F n d’Algé
lf  Alain Bénéteau (2015).
ig. 5. Stanocephalosaurus amenasensis nov. sp. du Trias inférieur à moye
’aimable autorisation d’Alain Bénéteau (2015).
which may  have lived in water pools, shallow lakes
and/or rivers, while maintaining the ability to move
on land, from one habitat to another (Mukherjee
et al., 2010). The new Algerian species clearly shows
dermo-sensory canals running on the skull roof and
indicating an aquatic lifestyle (Steyer, 2003; Warren,
2000). Stanocephalosaurus amenasensis was discovered
in a gypsum layer corresponding to the inﬁlling of a
salt lake, which probably represents the last stage of
evolution of an alluvial plain under a strong seasonal
climate (Nedjari et al., 2010). This salt lake shows that
the paleoenvironment of S. amenasensis was not typical
freshwater. This suggests that the species was euryha-
line, as it may  be the case in numerous temnospondyls
(Laurin and Soler-Gijon, 2010; Steyer, 2002). Several
adult individuals were discovered in situ and massively.
This accumulation probably occurred during a dry
season, when the water level of the sebkha decreased
and turned into a pond (Fig. 5). The fact that no larval
and juvenile individuals have been found suggests that
bigger adult individuals may  eat them in the pond. The
exceptional preservation of these adults was possible
thanks to a gypsum crust, which ended the drying cycle
of the pound and protected the bones from atmospheric
degradation. The fact that only S. amenasensis has been
found in this Lagerstätte suggests a rather extremerie. Reconstitution in vivo dans une sebkha en cours d’assèchement. Avec
paleoenvironment. Combined with the presence of
gypsum, this paleoenvironment could be hypersaline,
as is the case of the Permian Lagerstätte of Mangrullo,
Uruguay, which yields mesosaurs (Pin˜eiro et al., 2012).
6. Conclusion
Stanocephalosaurus amenasensis is a new species of
capitosaurian temnospondyl from the Triassic of the Alge-
rian Sahara. It does not come from the same site that
yielded “Parotosaurus lapparenti”  and “Wellesaurus bus-
soni” erected by Lehman (1971), which we consider
nomina dubia. This new species shows diagnostic charac-
ters: subtriangluar external nostrils with concave lateral
borders (Fig. 4); small orbits; posteriorly wide post-
frontals; elongate parietals; concave posterior margin of
the skull table; ovoid anterior palatal vacuities; posteri-
orly pointed choanae; and oval interpterygoid fenestrae.
Stanocephalosaurus amenasensis enlarges the distribution
of the genus in northern Gondwana and illustrates the great
palaeontological richness and potential of the Illizi Basin
of southern Algeria. Given the stratigraphic distribution of
the other Stanocephalosaurus species, this Algerian taxon
conﬁrms the Early-Middle Triassic age of the lowermost
formation of the Zarzaïtine Series, and partly illustrates the
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important faunal recovery after the Permian mass extinc-
tion events.
Acknowledgments
We  are grateful to L. Bitam and A. Cherigui (Agence
du Service Géologique de l’Algérie) as well as B. Kedadra
(SONATRACH, Division de la Production) for ﬁeld autho-
rizations, temporary exportation permits and help on
the ﬁeld. Fieldwork was supported by ATM (“Action
Transversale du Muséum”) of the MNHN (to PT and JSS),
SONATRACH and University of Bab Ezzouar (USTHB, Alger),
which also supported continuing research. We  thank J.-
M. Pacaud and D. Merle (both MNHN) for their advice
on nomenclature and N.-E. Jalil (MNHN) for access of
the MNHN collections and his review. We  thank Alain
Bénéteau (www.paleospot.com) for the use of his paleo-
reconstruction (Fig. 5) and M.  Laurin (CNRS) for his
constructive comments.
References
Aït Ouali, R., Nedjari, A., Taquet, P., Bitam, L., Tayeb Cherif, L., Bouras,
R.,  2011. Le Zarzaïtine Inférieur : derniers développements dans une
série du Trias pro-parte. Mém.  Serv. Géol. Nat. 17, 9–26.
Bourquin, S., Eschard, R., Hamouche, B., 2010. High-resolution sequence
stratigraphy of Upper Triassic succession (Carnian–Rhaetian) of the
Zarzaitine outcrops (Algeria): A model of ﬂuvio-lacustrine deposits. J.
Afr. Earth Sci. 58, 365–386.
Brown, B., 1933. A new genus of Stegocephalia from the Triassic of Arizona.
Amer. Mus. Novit. 640, 1–4.
Buffrénil, V. de, Clarac, F., Fau, M.,  Martin, S., Martin, B., Pellé, E., Laurin,
M.,  2015. Differentiation and growth of bone ornamentation in verte-
brates: a comparative histological study among Crocodylomorpha. J.
Morphol. 276, 425–445.
Busson, G., 1971. Principes, méthodes et résultats d’une étude strati-
graphique du Mésozoïque saharien. Paris University (Unpublished
PhD dissertation, 441 p.).
Busson, G., Cornée, A., 1989. Données sur les paléo-climats déduites de la
sedimentation continentale du Mésozoïque saharien, Publ. occasion.
CIFEG 18, 1–86.
Chowdhury, T.R., 1970. A new capitosaurid amphibian from the Triassic
Yerrapalli Formation of the Pranhita-Godavari valley. J. Geol. Soc. India
11, 155–162.
Dahoumane, A., 2011. Les amphibiens capitosaures du Trias d’In Ame-
nas (bassin d’Illizi, Sahara algérien). Etude systématique, implications
biostratigraphique et paléobiogéographique. USTHB, FSTGAT Univer-
sity, Alger (Unpublished Magistère dissertation. 92 p.).
Damiani, R.J., 2001. A systematic revision and phylogenetic analysis of Tri-
assic mastodonsauroids (Temnospondyli, Stereospondyli). Zool. J. Linn.
Soc. 133, 379–499.
Groult, J., 1970. Le Trias Inférieur du basin d’Illizi. Etude des afﬂeurements
du  Zarzaïtine inférieur (Unpublished PETROPAR dissertation 15-04,
5625).
Howie, A.A., 1970. A new Capitosaurid Labyrinthodont from East Africa.
Paleontology 13, 210-153.
Jalil, N.E., 1993. Les Vertébrés triasiques de la Série de Zarzaitine
(Algérie) : étude anatomique et phylogénétique des Amphibiens Tem-
nospondyles et des Diapsides. Paris University (Unpublished Ph.D
dissertation, 179 p).
Jalil, N.E., 1999. Continental Permian and Triassic vertebrate localities from
Algeria and Morocco and their stratigraphical correlations. J. Afr. Earth
Sci. 29, 219–226.
Jalil, N.E., 2001. Les Vertébrés permiens et triasiques d’Afrique du Nord
avec une description de nouveaux Parareptiles Paréisaures (Amniota,
Parareptilia, Pareiasauria) du Permien du Maroc. Semlalia University
Marrakech (Unpublished Habilitation dissertation. 135 p.).vol 15 (2016) 918–926
Jalil, N.E., Taquet, P., 1994. Les Vertébrés de la Série de Zarzaïtine (Algérie).
Liste faunique et implications stratigraphiques. Mem. Serv. Geol.
Algerie 29, 219–226.
Laurin, M.,  Soler-Gijon, R., 2010. Osmotic tolerance and habitat of early
stegocephalians: indirect evidence from parsimony, taphonomy, pale-
obiogeography, physiology and morphology. Geol. Soc. Lond. Spec.
Publ. 339, 151–179.
Lehman, J.-P., 1957. Les Stégocéphales sahariens. Ann. Paleontol. (Vert.)
53, 139–146.
Lehman, J.P., 1971. Nouveaux vertébrés du Trias de la série de Zarzaïtine.
Ann. Paleontol. Vertebr. 57, 71–93.
Maryanska, T., Shishkin, M.A., 1996. New cyclosaurid (Amphibia, Tem-
nospondyli) from the Middle Triassic of Poland and some problems
of  interrelationships of capitosauroids. Prace Muzeum Ziemi. 43,
54–83.
Milner, A.R., Gardiner, B.G., Fraser, N.C., Taylor, M.A., 1990. Vertebrates
from the Middle Triassic Otter Sandstone Formation of Devon.
Palaeontology 33, 873–892.
Morales, M.,  1987. Terrestial fauna and ﬂora from the Triassic Moenkopi
Formation of the southwestern United States. J. Arizona-Nevada Acad.
Sci. 22, 1–19.
Mukherjee, D., Ray, S., Sengupta, D.P., 2010. Preliminary observations
on the bone microstructure, growth patterns, and life habits of
some Triassic temnospondyls from India. J. Vert. Paleontol. 30 (1),
78–93.
Mukherjee, R.N., Sengupta, D.P., 1998. New capitosaurid amphibians from
the Triassic Denwa Formation of the Satpura Gondwana Basin, central
India. Alcheringa 22, 317–328.
Nedjari, A., Aït Ouali, R., Bitam, L., Steyer, J.S., Taquet, P., Vacant, R., Kedadra,
B., 2010. Découverte d’un nouveau gisement de stégocéphales d’une
conservation exceptionnelle dans le Trias d’In Amenas (Bassin d’Illizi,
Algérie). Bull. Serv. Geol. Nat. 21, 211–228.
Nedjari, A., Aït Ouali, R., Debaghi, F., Hamdidouche, R., Benhamouche, A.,
Amrouche, F., Messamri, K., 2011. La géologie Saharienne revisitée
(1980-2009). Mém.  Ser. Géol. Nat. 18, 85–176.
Pin˜eiro, G., Ramos, A., Goso, C., Scarabino, F., Laurin, M.,  2012. Unusual
environmental conditions preserve a Permian mesosaur-bearing
Konservat-Lagerstätten from Uruguay. Acta Palaeontol. Pol. 57,
299–318.
Ruta, M.,  Pisani, D., Lloyd, G.T., Benton, M.J., 2007. A supertree of Tem-
nospondyli: cladogenetic patterns in the most species-rich group of
early tetrapods. Proc. R. Soc. B. 274, 3087–3095.
Schoch, R.R., Milner, A.R., 2000. Handbuch der Paläoherpetologie: Teil 3B,
Stereospondyli. Pfeil, Munich, 219 p.
Schoch, R.R., 2008. The Capitosauria (Amphibia): characters, phylogeny,
and stratigraphy. Palaeobiodiversity 1, 189–226.
Shishkin, M.A., 1980. The Luzocephalidae, a new Triassic labyrinthodont
family. Paleont. J. 14, 88–101.
Sidor, C.A., Vilhena, D.A., Angielczyk, K.D., Huttenlocker, A.K., Nesbitt, S.J.,
Peecook, B.R., Steyer, J.S., Smith, R.M.H., Tsuji, L.A., 2013. Provincializa-
tion of terrestrial faunas following the end-Permian mass extinction.
Proc. Natl. Acad. Sci. U. S. A. 110, 8128–8133.
Steyer, J.S., 2000. Ontogeny and phylogeny in temnospondyls: a new
method of analysis. Zool. J. Linn. Soc. 130, 449–467.
Steyer, J.S., 2002. The ﬁrst articulated trematosaur ‘amphibian’ from the
Lower Triassic of Madagascar: implications for the phylogeny of the
group. Palaeontology 45, 771–793.
Steyer, J.S., 2003. A revision of the Early Triassic “Capitosaurs” (Stego-
cephali, Stereospondyli) from Madagascar, with remarks on their
comparative ontogeny. J. Vert. Paleontol. 23, 544–555.
Warren, A.A., 2000. Secondarily aquatic temnospondyls of the Upper
Permian and Mesozoic. In: Heatwole, H., Carroll, R.L. (Eds.), Amphib-
ian  biology, Vol. 4. Paleontology, Surrey Beatty and Sons, Chipping
Norton, pp. 1121–1149.
Watson, D.M.S., 1958. A new Labyrinthodont (Paracyclotosaurus) from the
Upper Triassic of New South Wales. Bull. Brit. Mus. Geol. 3/7, 235–263.
Welles, S.P., 1993. A review of the Lonchorhynchine Trematosaurs
(Labyrinthodontia), and a description of a new genus and species from
the Lower Moenkopi Formation of Arizona. Paleo. Bios. 14 (3), 1–24.
Yates, A.M., Warren, A.A., 2000. The phylogeny of the ‘higher’ tem-
nospondyls (Vertebrata: Choanata) and its implications for the
monophyly and origins of the Stereospondyli. Zool. J. Linn. Soc. 128,
77–121.
